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1. With regard lo ihc dementi of the international application:* 
^ the international application as originally filed 

[~] ihc description: 

pages 1-7 . 

pages - — 

pages „ 



t as originally filed 
, filed with the demand 



. filed wlh Ihc Idler of 



llie claims: 

pnges 

pages 

pnges 



. as originally filed 

~ M nmcndod (together with any statement) wider article 19 

. tiled Willi the demand 



pages 8 — 9_ 



. filed with Ihc letlernf 04 - 05 - 2001 



the drawings: 
pages 1-4 

pages 

pages 



, as originally filed 
filed with the demand 



."filed with Ihc Idler of 



[ | the sequence listing pnrt of the desciipt ion: 

pages 

pages 

pages 



, as originally filed 
, filed with Ihc demand 



. filed with the Idler of 
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ESional application «w filed. uolc» otherwise indicated under Hum. m. %vhich if) . 

^ffic elements were available or lumished lo this Aulhnnly in ihc following language hngllSh 

□ the language ol a translation fumtahed Tor Ihc pu.poscs «H" international search (under Rule 23. 1(b)). 

R 1 lan^e of L translation Rmtishcd for the pulses of interna, preliminary examination (under Rule* 55.2 a,uV 
' — ' or 55.3). 

* Wi.hregard to any nucleotide nnd/or -amino .eld sconce dtaW in . U* inlcrnn.inna. application, the inlemaUona. 
" ' preliminary examination was cmried out on the basis or the sequence lislmg: 
| | contained in tlie inlernalional application in written limn. 
Q filed together with .he international application in computer readable furm. 
| | furnished subsequently to this Authority in written Limn. 
I — I limtislwdsubsMVienUvloltusAutluiiityineoinpulcrread 

H The statement that .he suUseuucotly fumi-hed written .sequence listing does not go beyond the disclosure m the 
. f=I T Su^ai^ ic-hWc firn. is identic, to the written scoucnee .istuuj has 

I — I been furnished. 
4. Q ihc mncndmcnls have resulted in Ihe cnncellnlion of: 

[ | ihc description, poges 

{ ~\ the claims. Nos. 



| ] the drawings, shncl/fig 



, ,-. Tins repor. lu* been established a., if (son. «0 tta anrendnrenL, had not been «fe .ince thcy have heen conned to go 
s - LJ beyond the disclosure as filed, as indicated in the huppleincnla. H<>\ ( Rule 7D.Z K». 

• Replacement «Af«ft W I.eenfunM lo ,/,„ ,»« f W., R < I« «« UnlMtmimuto A«*' e " ™ '* areJ 

to Sepal «, "criKlnoHyiiM " cunt «v to f/ite «7*.rf ,/,«.»• rf« <»« <««»'" 70. 16 

ami 70. 1 7). 

An- 1 W tac*me,,f d,ect ca/./<.»,/,^ (WMtan »•«.* A* r*/,; ,*,! lo m*hr Hem I ami mme.wl lo this repoH. 
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V. Rewuined statement under ArtMc 3S{2) 

citations .nil explanations *»pportintt such Untenant 



d . MR) irtthwrd tonicity, inventive step or liidumM .ppllcbUltr. 



1. Statement 

Novelty (N) 



Inventive step (IS) 
Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-10 



YES 
NO 

yks 

NO 

YES 
NO 



2. Citations nnJ exploration* (Rule 70.7) 



Th. c»l-d invention r.l«« £ . «<*°* — \£K?tl£ 

at the zero-position of an axle. 

. ^ 11+-^ canivp the problem of time- 
The invention is mteaded to solve the p 
consuming recalibration/synchronization of 
maintenance or shutdowns. 

is compared with a calibration position. 

Documents cited in the International Search Report: 

Dl: US 4419831 
D2: US 4806066 
D3: EP 0166002 
D4: US 4816955 

The cited documents each describe methods used on industrial 
robots for associating two mechanical elements to each other 
bf ?he detection of an angular position of Lhe members. 

Dl teaches angular detection comprising a notch that is at an 
elevation distinct from the remaining area of the sha.t 
contact sensor indicates the notch. 

D2 discloses a method and an apparatus where a "^f^J^ 
home position can be checked. Mispositioninycf he member, 
can be determined upon power-up or periodically by counting 
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1(2) 



Continuation of: BOX V, 

tfce nu^e. U £ steps rc? »ir.d to SSJ^SS, 

Furthermore, a comparison with a ineureucai uw«u 
txirtnexinui-e, a ^ m < cn-isitioninq coiumn .10, line 

followed by correction ot the mls f JJ = ltl ° ni ^ )n l contact senS or 
3-14) The sensor disclusec is a non w nL *^ hf 

(figures 7a and b, column 10, line 15-45). 

D3 discloses recesses for aligning arms at an industrial 
robot. The recesses are step-like changes. 

D4 discloses an arrangement that provides s se "^..J^ 
scanning a joint-zero position of robot axles ^ indUCt ^ 
sensor senses step-like changes of an opposite surface Tne 
signals are fed to the program control (column 3, line 4 7 -58, 
claim 4 and 15, figurel) . 

D2 is closest to describing the invention. D2 anoV the 
Mention each disclose a solution for the oanja_ Proble», 
checking position upon restart or periodically during 
oplration and comparing with a calibrated value^ The invention 
differs from the method and the device disclosed in D2 ^_that 
the position is determined by detecting at least two step Jike 
changes while passing them. The objective problem is therefore 
to find aa alternative method for detecting the position. 

Using teeth or notches tor contact or ^r^V^t^SJise 
detection is well known to a person skilled in the art. These 
devices are commonly used for measuring angular speed as. well 
as the position of axles. D3 as well as D4 show these devices 
on rohots. D4 also teaches scanning the changes of the target 
and describes detection of one step. However, two steps are 
indicaled in figure 1 of D4 and detecting two steps as in the 
invention does not involve any unexpected technical effect; 

Consequently, it is obvious to a person skilled in the art to 
use step-like changes and sensors, either contact or non- 
contact, for angular detection of the arms at an industrial 
robot . 

As to the matter that the device and method are intended for 
synchronizing the robot in the meaning to chec.< the zero 
position, or set at the zero-position of an axle, it 
described in D7. that a sensor may be used to check any 
repositioning between the structural member. This may be done 

• • ■ / • " • 
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2 (2) 



^■Mal uower-up or periodically during the operation. 
SSh.»™. .Kb* th»t the portion errors ,« used 

to correct the mispositioning. 

By combining the information from D2 and the in formation f rom 
D3 or preferably D4, it is obvious to a person skilled in Llie 
art to arrange a method and a device as claimed in claims 1- 
10. 

Accordingly, the invention as cJ ai med in claims ^ J f f ^ 
the requirements of novelty (N) . It does not "J 
requirement of inventive step (IS) but is industrially 

. applicable (IA) * 
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CLAIMS 



I. Method for synchronising a robot (1) that includes a control system (2), a first robot 
part (3) and a second robot part (5) movably attached to the first robot part (3), 

5 whereby the position of a target (4) arranged on the first robot part (3) is determined 

by the passage of a sensor (6) arranged on the second robot part (5) 
c h a r a c.t e r i s e d in that the target (4) is caused to include several distinct 
detectable changes (4a, 4b) comprising step-like structural changes, that atW twoj 
of these distinct detectable changes (4a, 4b) are sensed by the sensor (6), that the 

10 position (4c) of the target (4) is calculated and that the calculated target position is 

introduced into the control system and compared with a calibration position for the 
target (4) in the control system. 

2. Method according to claim 1 c h a r a c t e r i s e d in that the position of the target 
15 (4) is read with a sensor (6) in the form of a non-contact sensor. 

3. Method according to claim 1 c h a r a c t e r i s c d in that the position of the target 
(4) is read with a sensor in the form of a contact sensor. 



20 



25 



4. Method according to any of the previous claims characterised in that the 
target (4) is designed as a groove with essentially vertical walls (4a) and (4b). 

5. Method according to claim 1 characterised in that the target (4) is designed 
as an elevation with essentially vertical sides (4a') and (4b0. 



6. Device for synchronising a robot (1) that includes a control system (2), a first robot 
part (3) and a second robot part (5) movably attached to the first robot part (3) where 
the device includes a target (4) arranged on the first robot part (3) and a sensor (6) 
arranged on the second robot part (5) c h a r a c t e r i s e d in that the target (4) 
30 includes several distinct by the sensor (6) detectable changes (4a, 4b) comprising 

step-like structural changes. 

7. Device according to claim 6 c h a r a c t e r i s e d in that the step-like structural 
changes comprise instantaneous level differences in the form of shoulder parts (7). 
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8. Device according to claim 6 characterised in that the target (4) is designed 
as a groove with essentially vertical walls (4a) and (4b). 

5 9, Device according to claim 6characterised in that the target (4) is designed 
as an elevation with essentially vertical sides (4a) and (4b). 



10 



10. Use of a method according to any of claims 1-5 or device according to any of claims 
7-9 for an industrial robot. 
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□ 
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WRITTEN OPINION 



Inte^Bnal application No. 
PCT/SEOO/00043 



I. Basis of the opinion 



1 . With regard to the elements of the international application:' 
£><J the international application as originally filed 

| | the description: 

pages 

pages 



, as originally filed 
, filed with the demand 



, filed with the letter of 



I I the claims: 



pages 



as originally filed 

, as amended (together with any statement) under article 19 
, filed with the demand 



, filed with the letter of 



I I the drawings: 
pages 



, as originally filed 
, filed with the demand 



, filed with the letter of 



j" I the sequence listing part of the description: 



, as originally filed 



, filed with the demand 



, filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language English which is: 

| [ the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
^ or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the written opinion was 
drawn on the basis of the sequence listing: 

| [ contained in the international application in printed form. 

[ | filed together with the international application in computer readable form. 

| [ furnished subsequently to this Authority in written form. 

. [ | furnished subsequently to this Authority in computer readable form. 

I j The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
— international application as filed has been furnished 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished 

4. []^] The amendments have resulted in the cancellation of: 

I I the description, pages 

[*"*! the claims, Nos. 

| | the drawings, sheet/fig 



5 | 1 This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
* i — I beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)). 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation uMer Article 14 are referred to 
in this opinion as "originally filed". 
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V. Reasoned statement under Rule 66.2(a)(0) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 

Novelty (N) 



Claims 1-11. 
Claims 



YES 
NO 



Inventive step (IS) Claims J^Tl YES 

Claims /""// NO 



Industrial applicability (IA) Claims l-.ll YES 

Claims NO 



2. Citations and explanations 

The claimed invention relates to a method and a device for 
synchronizing an industrial robot. Synchronizing refers to 
checking or setting the zero-position of an axle. 

The invention is intended to solve the problem of time- 
consuming recalibration of the robot after maintenance or 
shutdowns. 

The solution according to the invention comprises detection of 
at least two distinct flanks of a notch or a tooth. The 
angular position of the flanks are detected and used by the 
control device. 

Documents cited in the International Search Report: 

US 4419831 < 
EP 0166002 A 

Cited documents describe a method for associating two 
mechanical elements to each other. US 4419831 teaches angular 
detection comprising a notch which is at an elevation distinct 
from the remaining area of the shaft. EP 0166002 discloses 
recesses for aligning arms at an industrial robot. 

Using teeth or notches for non-contact angular detection is 
well known to a person skilled in the art. These devices are 
commonly used for measuring angular speed as well as the 
position of axles. 

From US 4419831 a method and a device for aligning the 
position at an industrial robot are known. The method 
comprises a feeler in contact with the shaft. 
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Continuation of: V 

The subject matter claimed differs from the apparatus 
described in the cited US 4419831 

in respect of using grooves or teeth with step-like flanks in 
calibrating robots. However, the use of recesses at robots is 
known from EP 0166002^J~By combining the information from the 
cited documents it is obvious to a person skilled in the art 
to arrange a method and a device as claimed. The method and 
device according to claims 1-11 are therefore considered not 
to involve an inventive step. 

Accordingly, the invention, as claimed in claims 1-11 does not 
fulfill the requirements of inventive step (IS) . 
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Vi har nu genom ytterligare omformulering av patentkraven forsokt att precisera de tydliga 
skillnader som firms mellan vSr uppfinning och de konstruktioner och forfaranden som 
beskrivs i de anforda dokumenten. 

Kalibrering, med betydelsen att initiera en robots konfiguration vid igangsattning och med 
syftet att finna robotens exakta konfiguration (O-lage / kalibreringslage) vid tiden for 
kraftpaslag och initiera den kontrollerande delen av styrsystemet i enlighet darmed, sker 
innan start av robotens arbete. 

Robotens arbete kan av olika anledningar komma att avbrytas eller storas. Ibland innebar 
ett stopp eller en storning av robotens arbete att robotens delar forflyttas sa mycket i 
forhallande till varandra att den ursprungliga konfigurationen och styrsystemsinstallningen 
kite langre gar att anvanda. Det vanliga ar att en ny kalibrering gors efter ett stopp. 
Kalibrering ar dock tidsodande och kraver att en operator ar narvarande. 

Var uppfinning avser en metod, en anordning och anvandning av lagesmatning vid 
synkronisering av en robot efter ett avbrott eller en storning av robotens arbete for att 
kunna bestamma om ny kalibrering ar nodvandig eller om robotens arbete kan fortsatta. 
Syftet med vSr uppfinning ar att snabbt, enkelt och med hog noggrannhet kunna 
synkronisera en robot. "Synkronisering" avser i denna ansokan kontroll eller installning av 
roboten mot 0-laget / kalibreringslaget efter serviceuppeh&U, tex motorbyte, driftsstopp, 
sammanstStning och dylikt. 

Losningen enligt uppfinningen ligger i att anordna ett fysiskt mSd p& den rorliga delen av 
roboten vid respektive robotaxlar och vid fbrflyttning av den rorliga delen fram och 
tillbaka med en givare avlasa Stminstone tv& med rorelsen Stskilda distinkta lagen hos 
milet, berakna mSlets lage och infora vardet ftir laget i styrsystemet och jamfbra detta med 
ett under kalibreringen erhillet lage for malet som ocksa finns i styrsystemet. Det fysiska 
mdlet ar utformat med tvi eller flera distinkta detekterbara forandringar som utgOrs av 
spr&ngvisa strukturforandringar. 
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Vi anser, precis som granskaren, att v&r uppfinning ar ny i forh&Uande till vad som ar fbrut 
kand genom de anforda dokumenten. Vi anser aven att v&r uppfinning har uppfinningshojd. 

Inget av de anforda dokumenten tar upp problemet med att minimera tiden for en robots 
driftsstopp och inget av de anforda dokumenten visar en metod for att synkronisera en 
robot, dar synkronisera har den betydelse som vi har preciserat i var beskrivning, eller en 
anordning som gor detta mojligt som motsvarar var uppfinning. 

Inget av de anforda dokumenten visar heller en anordning motsvarande var som innefattar 
ett mal och sensor som har den konstruktion som firms hos var uppfinning och som arbetar 
med den metod som var uppfinning innefattar. 

Det firms inget i de anforda dokumenten som skulle leda en fackman till en metod, 
anordning eller en anvandning som motsvarar var uppfinning. Vi anser att det inte ar 
narliggande for fackmaimen att mot bakgrund av det anfiirda dokumentet utforma en 
metod for synkronisering av en robot med en anordning innefattande ett flertal av en sensor 
distinkt detekterbara forandringar enligt v&r uppfinning. 

Sammanfettningsvis anser vi att foreliggande uppfinning ar ny och att den uppvisar 
uppfinningshojd i jSmforelse med de anforda dokumenten. Aven det som framg&r av 
underkraven utgor fordelaktiga utfiiringsfprmer enligt foreliggande uppfinning, vilka mot 
bakgrund av de sjalvstandiga kraven 1, 6 och 10 utgOr bestamningar, som motiverar 
patentskydd. 

Om granskaren fortfarande Sr av annan uppfattning avseende patenterbarheten hos vSr 
uppfinning och eventuellt slutgiltigt beslut gSr oss emot vill vi att granskaren tar kontakt 
med oss via vart ombud innan beslut fattas. 

Stockholm som ovan 
ABB AB 
genom 

Stockholms Patentbyri Zacco AB 
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CLAIMS 

1. Method for synchronising a robot (1) that includes a control system (2), a first robot 
part (3) and a second robot part (5) movably attached to the first robot part (3), 

5 whereby the position of a target (4) arranged on the first robot part (3) is determined 

by the passage of a sensor (6) arranged on the second robot part (5) 
characterised in that the target (4) is caused to include several distinct 
detectable changes (4a, 4b) comprising step-like structural changes, that at least two 
of these distinct detectable changes (4a, 4b) are sensed by the sensor (6), that the 
10 position (4c) of the target (4) is calculated and that the calculated target position is 

introduced into the control system and compared with a calibration position for the 
target (4) in the control system. 

2. Method according to claim 1 characterised in that the position of the target 
15 (4) is read with a sensor (6) in the form of a non-contact sensor. 

3. Method according to claim 1 characterised in that the position of the target 
(4) is read with a sensor in the form of a contact sensor. 

20 4. Method according to any of the previous claims characterised in that the 

target (4) is designed as a groove with essentially vertical walls (4a) and (4b). 

5. Method according to claim 1 characterised in that the target (4) is designed 
as an elevation with essentially vertical sides (4a ^ and (4b'). 

25 

6. Device for synchronising a robot (1) that includes a control system (2), a first robot 
part (3) and a second robot part (5) movably attached to the first robot part (3) where 
the device includes a target (4) arranged on the first robot part (3) and a sensor (6) 
arranged on the second robot part (5) characterised in that the target (4) 

30 includes several distinct by the sensor (6) detectable changes (4a, 4b) comprising 

step-like structural changes. 

7. Device according to claim 6 characterised in that the step-like structural 
changes comprise instantaneous level differences in the form of shoulder parts (7). 



.... # • » 
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8. Device according to claim 6 characterised in that the target (4) is designed 
as a groove with essentially vertical walls (4a) and (4b). 

5 9. Device according to claim 6 characterised in that the target (4) is designed 

as an elevation with essentially vertical sides (4a) and (4b). 

10. Use of a method according to any of claims 1-5 or device according to any of claims 
7-9 for an industrial robot. 
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Method for a robot 

TECHNICAL FIELD 

5 The present invention relates to method for, a device for, and the use of positional 
measurement during the synchronising of a robot. 

BACKGROUND 

10 During operation, an industrial robot has to meet high requirements regarding precision 
and accuracy. The industrial robot carries out defined reproducible movements over a 
program-controlled linkage system driven by means of electric motors. The dimensions of 
the movement of the individual driving groups is controlled and supervised by an 
electronic path-measurement system. The zero positions of the driving system and the 

15 path-measurement system must correspond and be set to correspond again should 
deviations occur. An industrial robot thus has a need for a device for the exact and 
reproducible setting of the motor-driven linkage system of the robot. It is necessary to 
calibrate a robot to fulfil the demands for precision and accuracy named above and, 
following periods of stoppage of production and after service, it is necessary to 

20 synchronise the robot in order to meet the demands named above. 

Here, calibration refers to initiating a configuration of a robot at start-up. The aim is to 
find the exact configuration (zero-position / calibration position) of the robot at the time 
when turning on the power and initiate the verifying part of the control system 
25 accordingly. 

Here, synchronisation refers to checking or setting the robot to the zero-position / 
calibration position following service stops (e.g. replacing a motor), stoppages of 
production, collision and the like. 

30 

Industrial robots working with high accuracy are equipped with servo-controlled motors. 
To check a motor, a sensor has to measure the exact position of the angle of the motor 
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axle in real time. In servo motors, positional information together with angular speed is 
used in a feedback system to clear differences between predetermined and actual positions. 
Positional information cannot be used to check the robot if the measurements do not reflect 
the actual position of the robot. The goal of calibration is thus to initiate measurements of 
5 its "true/real" values. 

When working with industrial robots, the need thus arises for a method for positional 
measuring to be used when calibrating and synchronising a robot. 

10 The American document US, A 4 419 831 specifies a device that allows calibration of a 
linkage system that can be brought to correspond accurately with the calibration of an 
electronic path-measuring system even after replacement of parts of the drive or path- 
measuring system respectively. In a moveable part of two associated linkage parts, a 
recess or an elevation is arranged, and in an associated second linkage part, a_guide for a 

15 measuring sensor instrument is adjustably and fixably arranged, where the sensing element 
of the instrument indicates the calibration position / zero-position during relative 
movement of both the linkage parts by determining the minimum respectively maximum of 
the recess or elevation. The object of the measurement method is to get the possibility to 
use the same program following replacement of measuring system or manipulator. 

20 

Service stops and other shut-downs mean disturbance of production lines and non- 
production, which leads to large and unwanted costs. It is thus of greatest importance that 
the time for shut-downs is minimised. Since the robot must be calibrated / synchronised 
after every stoppage, it is important that this is carried out quickly. At the same time, it is 
25 of greatest importance that the method is simple, accurate and has good reproducibility. 
Thus, the need arises for an accurate, simple and quick method for positional measuring. 

This need cannot be met by the method in the American patent. 
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A robot system includes several partial systems, among others manipulator and control 
system. The manipulator is defined as the linkage arms, joints, transmissions and driving 
means that are included in the mechanical arm. The control system generates movements 
of the manipulator by servo-steering of the individual driving means as well as defined 
5 movements through a control and interpolation model of the physical construction of the 
manipulator. In the following, the term "robot" relates to a robot system including, 
among other things, manipulator and control system as defined above. 

During manufacture, the robot is provided with a computer program that includes stored 
10 co-ordinates that correspond to pre-programmed points in the surrounding space. The 

robot is designed so that an operator can press a key on a keyboard whereby signals go to 
the different parts of the robot and direct them to take up the pre-determined positions and 
adjust themselves accordingly. This can be described as the robot being configured to its 
zero position / calibration position. 

15 

The robot is configured to the calibration position as above. Then the robot is calibrated 
with, for example, an external method that gives calibration values for respective rotation 
axle, which comprise reference values that are fed into the control system and stored. 



20 To fulfil the demands named above for an accurate position measuring of the robot, a first 
robot part is provided with a physical target. A second robot part movably attached at the 
first robot part includes a sensor. The movement between the robot parts is translational or 
rotational. The position of the target is detected with the help of the sensor, which gives 
the offset angle a. 

25 

An installed robot thus has a calibration value and an offset angle a stored for the 
respective axis of rotation. The robot can be started and driven until it for some reason is 
stopped / stops. When necessary actions have been taken and it is time to start the robot 
again, the synchronising position of the robot must be checked. This means that the 
30 calibration program is run, the robot adjusts itself to its zero position / calibration position 
and the position of the target is measured for the respective axis, an angle da is calculated 
and compared with the stored offset angle a. 



WO 00/41852 



PCT/SEOO/00043 



The difference d between the angle da measured and the offset angle a is calculated and 
presented as the offset of TCP (Tool Centre Point). The calculated difference d is shown 
on the screen of a programming controller. The value of d is shown graphically on the 
5 screen and is compared with a pre-determined limit value. When the value of the 

difference lies under the limiting value, the robot is ready for operation. However, when 
the value of the difference exceeds the limit value, it means that the configuration of the 
robot no longer corresponds to the stored calibration values. In that situation, it is 
necessary to begin again by configuring and calibrating the robot with, for example, an 
10 external method to obtain new calibration values for the zero position. After that, one 
continues by measuring new offset angle a and so one according to that above. 

The object of the present invention is thus to achieve a method with which one can 
quickly, simply and with great accuracy synchronise a robot. 

15 

The solution according to the invention is to arrange a physical target on the moveable part 
of the robot at the respective robot axles and during displacement of the moving part back 
and forth, read at least two by the movement separate and distinct positions of the target 
with a transmitter, calculate the centre position / mean value and introduce the value into 
20 the control system. 

The term robot axle relates to the moving axles of the robot for one of the rotation or 
translation movements. 

25 In the cited American document, the target is designed either as a V-shaped depression or 
elevation and the transmitter measures the equivalent minimum or maximum points. The 
designing of the target as a point involves certain disadvantages. A point is easy to 
damage. The contact transmitter and further handling of axles results in a certain wear of 
the point, which has a detrimental effect on the accuracy. In addition, the possibility for 

30 positionally measuring a target during translational movement is not stated. 
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Measuring the position of a point with a contact transmitter is difficult with regard to the 
techniques of measurement. A point has two flanks and with a contact transmitter, 
problems of sliding occur along one of the flanks irrespective of whether it is an elevation 
or a depression. A contact transmitter, which reads the position of the point of a pointed 
target as it passes the transmitter back and forth displays a value with built-in errors in 
measurement due to the difficulty partly in following the surface of the point and partly in 
deciding exactly where the point is located. A more blunted point reduces the problem of 
sliding but does not give such a clear point position to sense. 

To measure the position of a point with a non-contact transmitter requires an expensive 
and complicated transmitter to achieve reliable measurement results. In addition, high 
demands on precision are made in the designing of the point, which leads to extra costs. 
Furthermore, the transmitter should have a comparatively larger field of reading to be able 
to read a point. The transmitter thus requires space in an already very tight and compact 
design. 

To minimise the disadvantages named above, the present invention is arranged with targets 
designed with two or more distinct detectable changes. In the embodiment described 
below, the target is designed as a milled groove. A milled groove is built up of at least two 
step-like level differences in the form of shoulder parts. 

To measure the position of a shoulder part with a non-contact transmitter is easy with 
regard to the techniques of measurement. Shoulder parts have step-like and transverse 
level changes that are easy to register with comparatively simple and cheap transmitters. 
Even with a contact transmitter, it is easy to measure the position of a shoulder part, 
which gives an instantaneous level change. 

When the position for a groove is to be read and the shoulder parts of the groove pass 
back and forth in front of the transmitter, the transmitter reads the position of two opposite 
shoulder parts at each pass. In one measuring position, the level change is ascending and 
in the other measuring position, the level change is descending. From a techniques of 
measurement point of view, there are errors in measurement included in all measuring 
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equipment. By reading two positions and calculating the centre position according to the 
invention, the error of measuring decreases and the accuracy of measurement increases. 
The groove is arranged so that its walls extend in a direction at right angles to the 
direction of motion both during translational and rotational movement. The accuracy of 
measurement decreases if the direction of the walls of the groove does not form a right 
angle with the direction of motion. 

Designing the target as a milled groove in accordance with the invention is furthermore 
simpler, cheaper and does not call for the same demands for precision in comparison with 
the pointed target in the American patent document. A milled groove resists wear in a very 
satisfactory manner. Another practical advantage is that the grooves of the respective axles 
need not be identical. 

DESCRIPTION OF THE DRAWING 



The invention will be explained in greater detail by describing an example of an 
embodiment with reference to the enclosed drawing, where; 

Fig. 1 shows an industrial robot including a control system, 

Fig. 2 shows a target in the form of a groove with two distinct delimiters plus a 
transmitter, 

Fig. 3 shows a target in the form of an elevation with two distinct delimiters plus a 
transmitter, 



Fig. 4 shows a graphical reproduction of the measured angles (a) and (da) in relation to the 
zero-position / calibration position. 



DESCRIPTION OF EMBODIMENTS 
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An industrial robot 1 is equipped with a control system 2 (Fig. 1). The movable part 3 of 
the robot 1 is provided on the respective robot axle with a physical target 4 and on the part 
5 accommodating the equivalent robot axle, a sensor 6 is arranged. The target 4 comprises 
a milled groove that has two essentially vertical walls, 4a and 4b. The grove is designed 
with two sharp level differences in the form of shoulder parts 7 (Fig. 2). 

The device aims, as above, to check / measure a determined position 4c of target 4 on the 
moving part 3 of robot 1 in relation to a calibration value for the respective robot axle. By 
running a computer program for calibration fed into the control system, the program will 
instruct the moving part 3 to pass sensor 6 in one or the other direction of rotation at the 
same time as the sensor senses the position of the target by detecting the position of the 
two distinct detectable changes 4a and 4b, calculate the centre -point 4c between the two 
changes and generate a mean value of an angle, the offset angle a (Fig. 4). 

Fig. 4 shows the calibration position / zero position 0 and the offset angle a. It also shows 
an angle da, measured as above, that is larger than the offset angle a. A difference 
between the measured angle da and the offset angle a means that something has happened 
with the configuration of the robot. Included finally, therefore, is to evaluate if this 
difference is acceptable or not, which is already described in the summary of the 
invention. 

When the robot is calibrated or alternately synchronised, the calibration of all axles takes 
place one at a time. Alternatively, one can consider calibrating all at the same time. 



ALTERNATIVE EMBODIMENTS 
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The device according to the invention can also be designed with the target arranged on the 
part that accommodates the robot axle and with the transmitter arranged on the moving 
part in the respective robot axle. 
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When evaluating whether the difference d is acceptable or not, the evaluation can be 
programmed into the control system so that the evaluation is done automatically. Either the 
go-ahead to start the robot will be given or the order to recalibrate it. 

5 Instead of having permanent sensors at every robot axle, one can instead arrange a space, 
e.g. an opening to hang a separate sensor in. 

The sensor can either be a contact sensor or a non-contact sensor. 

10 The target can also be an elevation with at least two essentially vertical sides. 

The distinct detectable changes of the target can comprise several step-like structural 
changes. 
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The moving part in the respective robot axle can, during the positional measuring, be 
displaced only in one direction. In this case, the measuring still gives almost an equivalent 
result as when the movable part is displaced back and forth. 
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1 Method for synchronising a robot (1) that includes a control system (2), a first robot 
part (3) and a second robot part (5) movably attached to the first robot part (3), 

5 whereby the position of a target (4) arranged on the first robot part (3) is determined by 
the passage of a sensor (6) arranged on the second robot part (5) and is compared with 
a calibration position in the control system characterised in that the target (4) is 
caused to include several distinct detectable changes (4a) and (4b), that the distinct 
detectable changes are sensed by the sensor (6), that the position (4c) of the target is 
10 calculated and that the calculated value is introduced into the control system. 

2 Method according to claim lcharacterised in that the distinct detectable 
changes comprise step-like structural changes. 

15 3 Method according to claim lcharacterised in that the position of the target (4) 
is read with a sensor (6) in the form of a non-contact sensor. 

4 Method according to claim lcharacterised in that the position of the target (4) 
is read with a sensor in the form of a contact sensor. 

20 

5 Method according to any of the previous claims characterised in that the target 
(4) is designed as a groove with essentially vertical walls (4a) and (4b). 

6 Method according to claim lcharacterised in that the target (4) is designed as 
25 an elevation with essentially vertical sides (4a') and (4b'). 

7 Device for synchronising a robot (1) that includes a control system (2), a first robot part 
(3) and a second robot part (5) movably attached to the first robot part (3) where the 
device includes a target (4) arranged on the first robot part (3) and a sensor (6) arranged 

30 on the second robot part (5) characterised in that the target (4) includes several 
distinct by the sensor (6) detectable changes. 
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8 Device according to claim 7characterised in that the distinct detectable 
changes comprise instantaneous level differences in the form of shoulder parts (7). 

9 Device according to claim 7characterised in that the target (4) is designed as a 
5 groove with essentially vertical walls (4a) and (4b). 

10 Device according to claim 7characterised in that the target (4) is designed as 
an elevation with essentially vertical sides (4a) and (4b). 
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11 Use of a method according to any of claims 1-6 or device according to any of claims 7- 
10 for an industrial robot. 
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Metod for robot 



TEKNISKT OMRADE 

Foreliggande uppfinning hanfor sig till en metod for, en anordning for och anvandning av 
lagesmatning vid synkronisering av en robot. 

BAKGRUND 

En industrirobot ska under drift uppfylla hoga krav pk precision och noggrannhet. 
Industriroboten utfor bestamda reproducerbara rorelser over ett programstyrt, medelst 
elektriska motorer drivet lanksystem. Storleken av de enskilda drivgruppernas rorelse styrs 
och overvakas over ett elektriskt vag-matsystem. Drivsystemets och vagmatsystemets 
nollstallningar m&ste overensstamma och pk nytt p&traffas vid awikelser. En industrirobot har 
darmed behov av en anordning for exakt och repeterbar installning av robotens motordrivna 
lanksystem. Det ar nodvandigt att kalibrera en robot for att kunna uppfylla ovannamnda krav 
pk precision och noggrannhet och efter driftsuppehSll och service ar det nodvandigt att 
synkronisera roboten for att den ska klara ovannamnda krav. 

Kalibrera avser har att initiera en robots konfiguration vid ig&ngsattning. Syftet ar att finna 
robotens exakta konfiguration (0-lage / kalibreringslage) vid tiden for kraftp&slag och initiera 
den kontrollerande delen av styrsystemet i enlighet darmed. 

Synkronisering avser har kontroll eller installning av roboten mot 0-laget / kalibreringslaget 
efter serviceuppeh&ll ( t ex motorbyte ), driftsstopp, sammanstotning och dylikt. 

Industrirobotar arbetande med hog noggrannhet ar utrustade med servostyrda motorer. For att 
kontrollera en motor miste en sensor mata det exakta laget av motoraxelns vinkellage i 
realtid. I servomotorer anvands lagesinformation tillsammans med vinkelhastighet i ett 
Sterforingssystem for att nollstalla skillnader mellan forbestamt och aktuellt lage. 
Lagesinformationen kan inte anvandas for att kontrollera roboten om inte matningarna speglar 
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robotens verkliga position. M&let for kalibrerna ar darfor att initiera matningarna till dess 
"sanna/verkliga" varden. 

Vid arbete med industrirobotar uppkommer darmed behovet av en metod for lagesmatning att 
5 anvandas vid kalibrering och synkronisering av en robot. 



Den amerikanska patentskriften US,A, 4 419 831 anger en anordning vilken mqjliggor en 
kalibrering av ett lanksystem, vilken kan bringas att noggrant overensstamma med 
kalibreringen av ett elektriskt vagmatsystem ocksS efter utbyte av driv- respektive 

10 vagmatsystemdelar. I en rorlig av tv& sammanhorande lankdelar ar en fordjupning eller 
forhojning anordnad och i en tillhorande andra lankdel ar en styrning for ett matande 
avkanningsinstrument installbart och fixerbart anordnat, vilket instruments kannarelement 
indikerar kalibreringslaget / 0-laget vid relativrorelse av de b&da lankdelarna genom 
bestamning av fordjupningens eller forhojningens minimum respektive maximum. Syftet med 

15 matmetoden ar att fa mojlighet att efter utbyte av matsystem eller manipulator anvanda 
samma program. 



ServiceuppehSll och andra driftsstopp betyder stoming av produktionslinjer och utebliven 
produktion, vilket medfor stora oonskade kostnader. Det ar darfor av storsta vikt att tiden for 
20 driftsstopp minimeras. Eftersom roboten m&ste kalibreras / synkroniseras efter varje 
stillest&nd ar det viktigt att detta g&r snabbt. Det ar samtidigt av storsta vikt att metoden ar 
enkel, noggrann och har god repeterbarhet. Darmed uppst&r behovet av en noggrann, enkel 
och snabb metod for lagesmatning. 

Detta behov kan inte metoden i den amerikanska patentskriften uppfylla. 

25 



REDOGORELSE FOR UPPFINNINGEN 



Ett robotsystem innefattar flera delsystem bland annat manipulator och styrsystem. 
30 Manipulatorn definieras som de lankarmar, leder, transmissioner och drivdon som ingir i den 
mekaniska armen. Styrsystemet genererar rorelser hos manipulatorn genom servostyming av 
de enskilda drivdonen samt definierade rorelser genom en styr- och interpoleringsmodell av 
manipulatorns fysiska uppbyggnad. I det fbljande avser bestamningen "robot" ett robotsystem 
innefattande bland annat manipulator och styrsystem definierade enligt ovan. 
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Vid tillverkning forses roboten med ett datorprogram vilket inneh&ller lagrade koordinater 
vilka motsvarar forprogrammerade punkter i rymden. Roboten utformas sk att en operator pk 
ett tangentbord kan trycka pk en tangent varvid signaler gSr till robotens olika delar och styr 
5 dem att leta upp de pk forhand bestamda lagena och stalla in sig darefter. Man kan beskriva 
det med att roboten konfigureras till 0-lage / kalibreringslage. 

Roboten konfigureras till kalibreringslage enligt ovan. Darefter kalibreras roboten med t ex en 
extern metod, vilket ger kalibreringsvarden for respektive rotationsaxel, vilka utgor 
referensvarden som matas in i styrsystemet och sparas. 

10 

For att uppfylla ovannamnda krav pk en noggrann lagesmatning av roboten ar en forsta 
robotdel forsedd med ett fysiskt mkl. En vid den forsta robotdelen rorligt fastad andra robotdel 
innefattar en sensor. Rorelsen mellan robotdelarna ar translatorisk eller roterande. Med hjalp 
av sensorn detekteras m&lets lage vilket ger offsetvinkeln a. 

15 

En installerad robot har darmed ett kalibreringsvarde och en offsetvinkel a sparade for 
respektive rotationsaxel. Roboten kan startas och koras tills den av nigon anledning stoppas / 
stannar. Nar nodvandiga Stgarder har vidtagits och det ar dags att starta roboten igen, m&ste 
robotens synkroniseringslage kontrolleras. Detta innebar att kalibreringsprogrammet kors, 
20 roboten staller in sig i 0-lage / kalibreringslage och m&lens lage mats for respektive axel, en 
vinkel da beraknas och jamfors med den sparade offsetvinkeln a. 

Differensen d mellan uppmatta vinkeln da och offsetvinkeln a beraknas och presenteras som 
offset av TCP (Tool Centre Point). Den beraknade differensen d visas pk en 

25 programeringsl&das skarmbild. Vardet pk d visas grafiskt p& skarmen och jamfors med ett 
forbestamt gransvarde. Att vardet pk differensen d ligger under gransvardet betyder att 
roboten ar klar att tas i drift. Om daremot vardet pk differensen d overstiger gransvardet 
innebar det att robotens konfiguration inte langre overensstammer med de sparade 
kalibreringsvardena. I det laget m&ste man borja om genom att konfigurera och kalibrera 

30 roboten med t ex en extern metod for att fa nya kalibreringsvarden for 0-laget Darefter 
fortsatter man med att uppmata ny offsetvinkel a och vidare enligt ovan. 

Syftet med foreliggande uppfinning ar sMedes att Sstadkomma en metod med vilken man 
snabbt, enkelt och med hog noggrannhet kan synkronisera en robot. 
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Losningen enligt uppfinningen ar att anordna ett fysiskt mil pi den rorliga delen av roboten 
vid respektive robotaxlar och vid forflyttning av den rorliga delen fram och tillbaka, med en 
givare avlasa itminstone tvi med rorelsen itskilda distinkta lagen hos milet, berakna 
5 mittlaget / medelvardet och infora vardet i styrsystemet. 

Bestamningen robotaxel avser robotens rorelseaxlar for endera rotations- eller 
translationsrorelser 

I den anforda amerikanska patentskriften utformas milet som endera en V-formad 
10 fordjupning eller forhojning och givaren mater motsvarande minimum- och maximum 
punkter. Utformningen av milet till en spets medfor vissa nackdelar. En spets ar latt att skada. 
Beroringsgivaren samt hantering av axlar i ovrigt ger ett slitage pi spetsen vilket inverkar 
menligt pi noggrannheten. Vidare anges inte mqjligheten att lagesmata ett mil vid 
translatorisk rorelse. 

15 Att med beroringsgivare mata laget for en spets ar matningstekniskt svirt. En spets har tvk 
flanker och med en beroringsgivare uppstar glidproblem utefter ena flanken oavsett om det ar 
en fbrhqjning eller fordjupning. En beroringsgivare, som laser av laget for spetsen av ett 
spetsigt mil vilket passerar givaren fram och tillbaka, visar ett varde med inbyggda matfel p& 
grund av sv&righeten att dels folja spetsens yta och dels att avgora exakt var spetsen befinner 

20 sig. En trubbigare spets minskar glidproblemet men ger inte ett lika tydligt spetslage att kanna 
av. 

Att med en beroringsfri givare mata laget for en spets kraver en dyr och komplicerad givare 
for att ft tillforlitliga matresultat. Dessutom stalls det stora krav pi precisionen i utformningen 
av spetsen, vilket medfor extra kostnader. Givaren bor dessutom ha ett jamforelsevis storre 
25 avlasningsfalt, for att kunna avlasa en spets. Givaren kraver siledes utrymme i en redan 
mycket tring och kompakt konstruktion. 

For att minimera ovannamnda nackdelar ar foreliggande uppfinning anordnad med mil 
utformade med tvi eller flera distinkt detekterbara forandringar. I det nedan beskrivna 
30 utforingsexemplet ar milet utformat som ett frast spir. Ett frast spir ar uppbyggt av 
itminstone tvi springvisa niviskillnader i form av klackdelar. 

Att med en beroringsfri givare mata laget for en klackdel ar matningstekniskt latt. Klackdelar 
har springvisa och tvara niviforandringar vilka ar latta att registrera med forhillandevis enkla 
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och billiga givare. Aven med en beroringsgivare ar det latt att mata laget for en klackdel, 
vilket ger en momentan nivMorandring. 

Nar laget for ett sp&r ska avlases och spirets klackdelar passerar fram och tillbaka framfor 
givaren avlaser givaren laget for tv& motst&ende klackdelar vid varje passage. I ena matlaget 
5 sker niv&forandringen upp&t och i andra matlaget sker nivSforandringen ned&t. Ur matteknisk 
synvinkel finns det matfel inbyggda i varje matutrustning. Genom att i enlighet med 
uppfinningen avlasa tvk lagen och berakna ett mittlage minskar matfelet och 
matnoggrannheten okar. SpSret anordnas sk att dess vaggar utbreder sig i en riktning 
vinkelratt mot rorelseriktningen bkdc vid translations- och rotationsrorelse. Matnoggrannheten 
10 sjunker om riktningen pS spSrets vaggar inte bildar rat vinkel med rorelseriktningen. 



Att i enlighet med uppfinningen utforma m&let som ett frast spSr ar dessutom enklare, 
billigare och staller inte samma krav pk precision jamfort med det spetsiga mMet i den 
amerikanska patentskriften. Ett frast sp&r stSr emot slitage pk ett mycket tillfredsstallande 
15 satt. En annan praktisk fordel ar att spiren hos respektive axlar inte behover vara identiska. 



FIGURBESKRIVNING 

20 Uppfinningen kommer att forklaras narmare genom beskrivning av ett utforingsexempel 
under hanvisning till bifogade ritning, dar 

fig 1 visar en industrirobot innefattande ett styrsystem, 

25 fig 2 visar ett mil i form av ett spir med tv& distinkta begransningar samt en givare, 

fig 3 visar ett mkl i form av en upphqjning med tv& distinkta begransningar samt en givare, 

fig 4 visar en grafisk Stergivning av de uppmatta vinklarna (a) och (da) i fbrMllande till 0- 
30 laget / kalibreringslaget. 
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En industrirobot 1 ar utrustad med ett styrsystem 2 (fig 1). Den rorliga delen 3 av roboten 1 ar 
pk respektive robotaxel forsedd med ett fysiskt mM 4 och pk motsvarande robotaxeln 
5 upptagande delen 5 ar en sensor 6 anordnad. M&let 4 utgors av ett frast spir vilket har tvk i 
huvudsak vertikala vaggar 4a och 4b. SpSret ar utformat med tvara niv&skillnader i form av 
klackdelar (7) (fig 2). 



Anordningen syftar enligt ovan till att kontrollera / mata ett bestamt lage 4c hos m&let 4 pk 
10 den rorliga delen 3 av roboten 1 i forhSllande till ett kalibreringsvarde for respektive 
robotaxel. Genom att kora ett i styrsystemet inmatat datorprogram for kalibrering kommer 
programmet att beordra den rorliga delen 3 att passera sensor 6 i den ena eller andra 
rotationsriktningen samtidigt som sensorn kanner av mMets lage genom att detektera laget for 
de tvk distinkt detekterbara forandringama 4a och 4b, beraknar mittpunkten 4c mellan de tv& 
15 forandringama och far fram ett medelvarde pk en vinkel, offsetvinkel a (fig 4). 



I figur 4 visas kalibreringslaget / 0-laget 0 och offsetvinkeln a. Dessutom visas en enligt ovan 
uppmatt vinkel da, som ar storre an offsetvinkeln a. Om det finns en differens mellari den 
uppmatta vinkeln da och offsetvinkeln a betyder det att n&got har hant med robotens 
20 konfiguration. Avslutningsvis ingir darfor att bedoma om differensen ar acceptabel eller inte, 
vilket redan ar beskrivet i redogorelsen for uppfinningen. 

Nar roboten kalibreras alternativt synkroniseras sker kalibreringen av alia axlar en i taget. 
Alternativt kan man tanka sig att kalibrera alia samtidigt. 

25 

ALTERNATIVA UTFORMNINGAR 



Anordningen enligt uppfinningen kan aven utformas med m&let anordnat pk den robotaxeln 
upptagande delen och givaren anordnad pk den rorliga delen i respektive robotaxel. 

30 

Vid bedomningen om differensen d ar acceptabel eller inte kan bedomningen programmeras 
in i styrsystemet sk att bedomningen sker automatiskt. Endera blir det klartecken att starta 
roboten eller ocks& order att kalibrera om den. 
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Istallet for att ha fasta sensorer vid varje robotaxel kan man istallet anordna ett utrymme t ex 
en oppning for att hanga in en 16s sensor i. 

Sensorn kan aven vara en beroringsgivare eller en beroringsfri givare. 

5 

M&let kan aven vara en upphojning med Stminstone tvS i huvudsak vertikala sidor. 

MSlets distinkt detekterbara forandringar kan utgoras av ett flertal springvisa 
strukturforandringar. 



Den rorliga delen i respektive robotaxel kan under lagesmatningen forflyttas endast &t ett h&ll. 
Matningen i det har fallet ger andi i det narmaste likvardigt resultat som vid forflyttning av 
den rorliga delen fram och tillbaka. 



10 



15 



20 



25 



30 
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PATENTKRAV 



1 Metod for synkronisering av en robot (1) som innefattar ett sty rsy stem (2), en forsta 
robotdel (3) och en vid den forsta robotdelen (3) rorligt fastad andra robotdel (5), varvid 
5 laget hos ett mfil (4) anordnat p& den forsta robotdelen (3) bestams vid passage av en hos 

den andra robotdelen (5) anordnad sensor (6) och jamfors med ett kalibreringslage i 
styrsystemet, kannetecknad avatt m&let (4) bringas att innefatta ett flertal 
distinkt detekterbara forandringar (4a) och (4b), att de distinkt detekterbara 
forandringarna avkanns av sensorn (6), att milets lage (4c) beraknas och att det 
10 beraknade vardet infors i styrsystemet. 



2 Metod enligt patentkrav 1, kannetecknad av attde distinkt detekterbara 
forandringarna utgors av spr&ngvisa strukturforandringar. 

15 

3 Metod enligt patentkrav 1, kannetecknad av att m&lets (4) lage avlases med en 
sensor (6) i form av en beroringsfri givare. 

20 

4 Metod enligt patentkrav 1, kannetecknad av att m&lets (4) lage avlases med en 
sensor (6) i form av en berdringsgivare. 



25 5 Metod enligt nagot av foreg&ende patentkrav ,kannetecknad av att malet (4) 
utformas som ett sp&r med huvudsakligen vertikala vaggar (4a) och (4b). 



6 Metod enligt patentkrav 1, kannetecknad av att m&let (4) utformas som en 
30 upphojning med huvudsakligen vertikala sidor (4a') och (4b'). 



7 Anordning for synkronisering av en robot (1) som innefattar ett styrsystem, en forsta 
robotdel (3) och en vid forsta robotdelen (3) rorligt fastad andra robotdel (5), vilken 
35 anordning innefattar ett m&l (4) anordnat pi den forsta robotdelen (3) och en sensor (6) 

anordnad pi den andra robotdelen (5) kannetecknad av att m&let (4) innefattar 
ett flertal av sensorn (6) distinkt detekterbara forandringar. 

40 8 Anordning enligt patentkrav 7, kannetecknad av attde distinkt detekterbara 
forandringarna utgors av momentana niv^skillnader i form av klackdelar (7). 

9 Anordning enligt patentkrav 7, kannetecknad av att milet (4) ar utformat som 
45 ett sp&r med tva huvudsakligen vertikala vaggar (4a) och (4b). 
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10 Anordning enligt patentkrav 7,kannetecknad av att malet (4) ar utformat som 
en upphojning med tva huvudsakligen vertikala sidor (4a) och (4b) 



5 11 Anvandning av en metod enligt nagot av patentkraven 1-6 eller anordning enligt nagot 
av kraven 7-10 vid en industrirobot. 



10 



15 



20 



25 



30 



35 



40 
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SAMMANDRAG 

Metod for synkronisering av en robot, dar ett mil ar anordnat pa den rorliga delen av roboten 
10 vid respektive robotaxlar. Den rdrliga delen roteras fram och tillbaka och samtidigt avlaser en 
sensor minst tva distinkt detekterbara forandringar hos malet. Mittlaget for malet berSknas 
och fbrs in i styrsystemet. 

(fig 2) 
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To 

THE INTERNATIONAL OFFICE 
At the Swedish Patent Office 
STOCKHOLM 



International patent application nr PCT/SEOO/00043 
Applicant: ABB AB 



Response concerning the International patent application nr FCT/SEjOO/00043 vith 
the title - "Method for an industrial robot" 

In view of a telephone call from the Examiner of the Swedish Patent Office we would like 
to say the following: 



We hereby hand in new Claims 1-10 and they will be the ground 
proceedings. 



f>r the coming 



To Claim 1 the text " at least two of these distinct detectable changes" has 
text is to be found in the original application, see for example on page 4, linir 
To Claim 1 there has also been added "system and compared with a 
me target (4) in the control system", see the original application, for ex 
lines 18-20. 



been added. The 



calibration position for 
;ample on page 6, 



The references of the other Claims have been adjusted to the new numeration 

The Examiner informed us that our invention, as described in the Claims latjest handed in 
(12 February 2001), still was judged to lack inventive step. 



6. 



Handlagges av 
Aktnummer 
Tel nr 



Maria Lundstrom 
103372501 PC 
0910 - 88 100 
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HMS PATCHTOYU*. Z*CCO 



We have now, by another rewriting of the Claims, tried to specify the apparent 
that exists between our invention and the constructions and methods known 
documents. 



differences 
from the cited 



with the aim is 
robbt at the time 
control system 



Sometimes a 



Calibration, referring to initiating a configuration of a robot at start-up and 
to find tfae exact configuration (zero-position/calibration position) of the 
when turning on the power and initiate the verifying part of the 
accordingly, is done before the start of the work of the robot. 

The work of the robot can by be interrupted or disturbed by many reasons, 
stop or a disturbance of the work of a robot can result in that the parts of the robot are 
relocated so much that the origin configuration and control system settings no longer can 
be used. The usual way to handle this is to make a new calibration after a step. This is time 
consuming and an operator is needed to be present. 

Our invention refers to a method, a device and the use of position measurement when 
synchronising a robot after a stop or interruption of the work of the robot, in order to 
decide whether a new calibration is needed or if the work of the robot can bej continued. 
The object of our invention is to make it possible to quickly, simply arid with great 
accuracy synchronise a robot. "Synchronisation" refers in this application tb checking or 
setting the robot to the zero-position/calibration position following service stops (e.g. 
replacing a motor), stoppages of production, collision and the like.. 

The solution according to the invention is to arrange a physical target on the moveable 
part of the robot at the respective robot axles and during displacement of |ie moving part 
back and forth, read at least two by the movement separate and distinct positions of the 
target with a transmitter, calculate the centre position/mean value and intrjduce the value 
mt0 the control system and then compare this value with a value calculated during the 
calibration, also to be find in the control system. The physical target has two or more 
detectable changes comprising step-like structural changes. 
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Stockholm;: i»atcnTBvp* sacco 



Our opinion is, as the Examiner's, that our invention is new in relation to 
art. We also think that our invention has an inventive step. 



ihe cited prior 



synchronising 



None of the cited documents brings up the problem with minimizing th<; 
because of a stop and none of the documents shows a method for 
synchronising with the meaning we have given in our description, or a 
possible and being equivalent to our invention. 



None of the cited documents shows a device equivalent to our comprising 
sensor with the construction our invention has or which work with the m 
invention comprises. 



time needed 
a robot, 
device making this 



a target and a 
ethod that our 



;o a method, a 
obvious for a 



There is nothing in the cited documents that should lead a skilled person 
devise or a use equivalent to our invention. Our opinion is that it is not 
skilled person to, when having the knowledge from the cited documents, cbme up with a 
method for synchronising a robot with a devise comprising two or more cljanges, distinct 
detectable by a sensor equivalent to our invention. 



As a conclusion our opinion is that this invention is new and has an 
compared to prior art. The dependent claims are describing advantageous i: 
according to this invention, and they are, in combination of independent c 
10, determinations justifying patent protection. 



If the Examiner still is of another opinion concerning the possibility for 
get patent protection, and if a final decision will not work in our way, we 
Examiner to contact us through our representative before a final decision is 

Stockholm May 4, 2001 (by facsimile) and May 8, 2001 (by mail) 

ABB AB 

through 

Stockholms Patentbyr& Zacco AB ^ 
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